ABSTRACT Understanding seasonal changes in invertebrate populations is important for understanding ecosystem processes and for conservation of invertebrate communities. Few studies have investigated variation in seasonal responses of multiorder and multispecies invertebrate assemblages. To determine whether temporal patterns in invertebrate assemblages and taxa vary between locations and vegetation age since burning, patterns of invertebrate occurrence were investigated monthly for 12 mo in cool temperate buttongrass moorlands at two locations (lowland and montane) containing paired plots with different Þre history (young and old regrowth). For both locations and Þre-ages, invertebrate taxon richness and abundance were generally higher during the warmer months than during the winter months. At the lowland location, foliage dwelling invertebrates were caught in greater numbers during winter than during summer owing to large numbers of Collembola. Each season had a distinct invertebrate assemblage. The invertebrate assemblages did not differ between young and old regrowth. The shifts in composition of monthly invertebrate assemblages between winter and summer differed between locations with assemblages in cooler months more dissimilar from warmer months at the montane location than the lowland location. Most taxa common to both locations had similar patterns of monthly occurrence but some taxa showed markedly different patterns. Mid-to late summer is the optimum time to conduct short-term surveys in buttongrass moorland to maximize species richness and abundance but short-term studies will miss signiÞcant components of the invertebrate community.
Understanding temporal and spatial changes in populations of invertebrate assemblages is an important Þrst step in gaining knowledge of ecosystem processes (Wolda 1979 , Weeks and Holtzer 2000 , Grimbacher and Stork 2009 and is a key component of the processes of documenting and maintaining biological diversity (Kim 1993, Barrow and Parr 2008) . Knowledge of seasonal patterns of invertebrate occurrence in an ecosystem can also be valuable for planning the timing of experimental research, biodiversity surveys, and taxon-speciÞc surveys, particularly where time and resources are restricted. For examples, late spring to early summer was recommended as the optimal time to conduct short-term sampling programs for spiders in Mediterranean ecosystems, as this was when species richness was greatest (Cardoso et al. 2007 ). In arid zone Australia, spring and autumn have been suggested as the most effective time to survey invertebrates because of high species richness and abundance (Palmer 2010) .
Although seasonality in invertebrate abundance and activity is a well-known phenomenon particularly in temperate ecosystems (Denlinger 1980 , Masaki 1983 , Wolda 1988 , Cardoso et al. 2007 , quantitative descriptions of multispecies assemblages are remarkably few even in temperate ecosystems. This is because such studies require regular monitoring for at least a year and the identiÞcation and enumeration of many hundreds of species, often represented by many thousands of individuals. Consequently, the majority of studies that have been undertaken have documented invertebrate community seasonality either at the ordinal, functional group level, or both (e.g., Willis 1976 , Lowman 1982 , Woinarski and Cullen 1984 , Bell 1985 , Recher et al. 1996 , Pinheiro et al. 2002 , Anu et al. 2009 ) or the species, morphospecies level, or both, within one or two orders (e.g., New 1979 , Wolda and Chandler 1996 , Gutié rrez and Mené nendez 1998 , Novotny and Basset 1998 , Cardoso et al. 2007 , Grimbacher and Stork 2009 , Kishimoto-Yamada et al. 2010 ). Very few terrestrial invertebrate seasonality studies have attempted to identify a range of species within a broad sweep of orders or to investigate changes at the community level (e.g., Nielsen 1974 , Abbott et al. 1984 , Southwood et al. 2004 , Palmer 2010 and even fewer have attempted to do this by comparing seasonality between different locations.
In temperate regions, some general patterns emerge from studies of seasonality of invertebrate activity and abundance, despite differences in taxa, surveys methods, habitats, and level of identiÞcation. In nearly all studies covering a broad range of invertebrate groups, peak activity, abundance, biomass, diversity, or all of these occur during the warmer months, primarily during spring and summer (e.g., Nielsen 1974 , New 1979 , Lowman 1982 , Baribeau and Maire 1983 , Ohmart et al. 1983 , Recher et al. 1983 , Bell 1985 , Masteller 1993 , Gutié rrez and Mené nendez 1998 , Southwood et al. 2004 , Cardoso et al. 2007 ) but also during autumn (e.g., Nielsen 1974 , New 1979 , Abraham 1983 , Woinarski and Cullen 1984 , Recher et al. 1996 , Chatzaki et al. 2009 ). However, exceptions to this pattern do occur. For example, no clear seasonal pattern was found in the activity of ßying insects in Australian heathlands (Pyke 1983) . In the canopy of Eucalyptus forests of western Australia, where summers are hot and dry, the abundance of several insect orders was found to be highest in winter and lowest in summer (Recher et al. 1996) .
Within this general pattern of peak invertebrate activity during the warmer months, many studies have shown there is considerable variation between species within families and between families within orders in the timing of peak activity. Furthermore, this can vary from year to year and some taxa may have more than one peak of activity. For example, on various Acacia host plants in temperate Australia, different species of beetles were recorded peaking at different times during the warmer months with some species peaking in both spring and autumn (New 1979) . Seasonal responses in invertebrate activity can occur on a range of scales with local scale inßuences (e.g., timing of ßowering and leaf ßush) on life-cycle events occurring within the context of intermediate scale (e.g., topographic complexity and elevation) and large scale (e.g., latitude) inßuences (Danks 2006 (Danks , 2007 . Although there have been previous studies comparing seasonality in terrestrial invertebrate assemblages at different scales, they are few in number. Most compare seasonality on large scales such as between different climatic zones (e.g., Lowman 1982 , Baribeau and Maire 1983 , Masteller 1993 , Recher et al. 1996 . Studies comparing seasonality in multispecies assemblages between local environments are rare and are taxonomically highly focused. In northern Spain, the ßight period of butterßy assemblages was shorter and occurred later at higher elevations than at lower elevations (Gutié rrez and Mené nendez 1998). In a steppe ecosystem, seasonal changes in spider assemblages were found to differ between two habitat types (Weeks and Holtzer 2000) .
Buttongrass moorland is a treeless sedgeland in which the hummock sedge, commonly known as buttongrass, Gymnoschoenus sphaerocephalus (Brown) Hooker (Cyperaceae), is often dominant (Jarman et al. 1988) . It is a signiÞcant landscape feature of western Tasmania occupying over 500,000 ha and has world heritage value (Balmer et al. 2004 ). In Tasmania, there have been calls to increase the amount of planned burning in buttongrass moorlands for the beneÞt of biodiversity in this habitat and to reduce the risk of catastrophic Þres burning across the landscape into Þre-sensitive vegetation communities or threatening human lives and property (Marsden-Smedley and Kirkpatrick 2000, Marsden-Smedley 2009). However, there has been very little investigation of the invertebrate fauna of buttongrass moorlands. Some opportunistic collections of invertebrates from this community have been summarized (Brown et al. 1983) . A 10-d summer survey using sweep nets recorded 238 morphospecies, primarily Araneae, Coleoptera, and Diptera Driessen 1999, Greenslade and Smith 1999) . However, a number of groups were not identiÞed including Hymenoptera, Lepidoptera, and Acarina. During a 12-mo survey of Collembola, using sweep nets and pitfall traps, nearly 30,000 specimens representing 13 families and 42 taxa were collected (Driessen and Greenslade 2004) . This study was a subset of a much larger collection of invertebrates, which is the subject of this article. In a study using soil cores and sampling in four different seasons, over 12,000 Acarina representing 146 species from 72 families were collected (Green 2008 (Green , 2009 ); however, a complete description of this fauna has not been published.
Here we describe invertebrate assemblages collected monthly over 12 mo in buttongrass moorlands with different Þre history at two locations. SpeciÞ-cally, the following questions are addressed. 1) Do the invertebrate assemblages vary between months and are the monthly patterns of invertebrate occurrence the same between locations? 2) Do taxa that are common to both locations differ in their seasonal pattern of occurrence? 3) Do the invertebrate assemblages differ between old regrowth and young regrowth moorland?
Materials and Methods
Study Sites. The study was conducted at two locations (80 km apart) in western Tasmania; a lowland location (320 m at sea level) at McPartlan Pass (42Њ 51Ј S, 146Њ 12Ј E) and a montane location (730 Ð 800 m at sea level) at Lake St Clair (42Њ 10Ј S, 146Њ 8Ј E). Each location had two sites that had a buttongrass moorland plot that was burnt 4 Ð11 yr previously (young regrowth) immediately adjacent to a buttongrass moorland plot that was burnt 25Ð29 yr previously (old regrowth). Sites were 7 km apart at the montane location and 3 km apart at the lowland location. Plots were a minimum of 40 m and a maximum of 80 m apart.
Both locations have similar mean annual rainfall (lowland, 1,951 mm; montane, 1,868 mm) and monthly rainfall patterns with rainfall highest in winter and lowest in JanuaryÐMarch. Minimum temperatures are 2Ð3ЊC lower throughout the year at the montane location (February, 7.3ЊC; July, Ϫ0.1ЊC) than at lowland The vegetation at each plot was assessed by recording the percentage cover of each plant species within a 2-by 2-m square centered on each of 10 pitfall trap locations (see "Invertebrate Sampling") and then averaged. Moorland sites at the lowland location were dominated by sedges, primarily Gymnoschoenus sphaerocephalus (plot ground cover range: 23Ð 42%), Sporadanthus tasmanica (Hooker) (Restionaceae) (2Ð 8%), Lepidosperma filiforme Labillardiè re (Cyperaceae) (3Ð5%), and Empodisma minus (Hooker) (Restionaceae) (2Ð 4%). There was a distinct shrub component at the lowland location comprised of Leptospermum nitidum Hooker (Myrtaceae) (3Ð10%), Sprengelia incarnata Smith (Ericaceae) (3Ð 8%), Bauera rubioides Andrews (Cunoniaceae) (5Ð 7%), Boronia pilosa Labillardiè re (Rutaceae) (3Ð5%), Baeckea leptocaulis Hooker (Myrtaceae) (1Ð 4%), and Epacris corymbiflora Hooker (Ericaceae) (1Ð 4%). Moorlands at the lowland sites are classiÞed as "standard blanket moorland" (Jarman et al. 1988 ). This community is widespread and very common in lowland areas of western Tasmania, occurring within a wide range of environmental situations on ancient sediments that carry shallow acid and infertile soils (Jackson 1999) .
At the montane location, the moorland sites also were dominated by sedges but to a greater extent than the lowland location; Gymnoschoenus sphaerocephalus (57Ð 84%), Sporadanthus tasmanica (5Ð10%), Lepidosperma filiforme (3Ð 6%), and Empodisma minus (0 Ð 10%). The only shrub recorded at the montane sites was Sprengelia incarnata (1Ð2%). Although a relatively small component of the community, grasses and herbs were more diverse and abundant at the montane location than the lowland location. The moorlands at the montane sites are classiÞed as "common highland sedgey" (Jarman et al. 1988 ). This community is widespread in highland regions of central and western Tasmania where it is associated with dolerite geology with relatively fertile soils (Jackson 1999 ).
There were more areas of bare ground and less litter and dead plant material at the lowland sites than at the montane sites. There were no clear differences in the ßoristics of the moorlands between old regrowth and young regrowth plots, but there was an observable difference in the vegetation structure. The older vegetation was taller and denser with more litter and dead plant material, whereas more bare ground was present among the younger vegetation.
Invertebrate Sampling. All sites were surveyed once a month from July of 1999 to June of 2000 by using sweep nets and pitfall traps. The sweep net comprised a 45.6-cm-diameter hoop, 71-cm handle, and a white funnel tapered net that was 81 cm long with a 0.9-by 0.3-mm mesh size. A sweep sample comprised 100 passes of the net across the top of vegetation. One sweep of the net would occur at every pace of the collector. Two sweep samples were taken each survey and each sweep sample was performed in a random pattern within a 50-m radius of the pitfall trap lines described below. At the completion of the sample, all large twigs that were collected in the net were beaten against the inside of the net and removed. All invertebrates in the net were transferred into a screwlidded jar (50 by 50 by 80 mm) containing 70% ethanol. Sweep samples were performed on clear days, when the vegetation was dry, between 10:00 a.m. and 6:00 p.m., and with maximum daily temperatures ranging from 9ЊC in July to 30ЊC in January. The exception to this protocol was in December at the lowland site, when conditions were cooler than forecasted and the vegetation was a little damp from the previous nightÕs rain.
A pitfall trap comprised a plastic 225-ml drinking cup with a 7-cm opening inserted into a PVC tube. It contained 100 ml of 70% ethanol. A wooden lid (15 by 15 by 0.3 cm) held up by wire legs was placed Ϸ10 cm above the pitfall trap to prevent rain from entering. Ten pitfall traps were set in two lines of Þve traps with Ϸ5 m between each trap and set for a period of 7 d. Traps were not placed in hollows where they were likely to be ßooded by surface run-off. All invertebrates were transferred on collection to a sample jar as above and topped up with 70% ethanol.
Invertebrates initially were sorted to major taxonomic groups (predominantly order) by using a dissecting microscope at 10ϫ magniÞcation, and the number of specimens were counted and stored in separate vials for each sweep and pitfall sample. Specimens within each taxonomic group were identiÞed by specialists (listed in acknowledgments) to species or morphospecies (i.e., morphologically distinguishable) where possible and practical, and the numbers of each taxon were counted. The predominant collections of holometabolous and hemimetabolous insects were adults. Larvae of Lepidoptera, Diptera, and Coleoptera were identiÞed and counted separately from adults even where adults and larvae of the same species were identiÞedÑ because they have markedly different ecological roles. For taxa with similar-looking immatures and adults (e.g., arachnids, paurometabolous insects) these life stages were counted together. Immature Collembola, Hemiptera, Thysanoptera, and Psocoptera usually could not be identiÞed below family level and were counted separately.
Pitfall trapping and sweep net sampling contribute only a partial assessment of the entire insect population in buttongrass moorlands, and the number of individuals and life stages caught by these methods reßects both activity and abundance of the sampled invertebrates. For convenience, the term abundance is used here when referring to the number of invertebrates caught by these sampling methods.
Data Analysis. Multivariate analyses of invertebrate assemblages used the software package PRIMER version 6.1 (Clarke and Gorley 2006) with the PERMANOVAϩ add-on (Anderson et al. 2008) . The design consisted of four factors: location (L; Þxed with two levels: lowland and montane), site (S; random with four levels and nested within location), age of regrowth (A; Þxed with two levels: old and young) and time (T; Þxed, 12 mo, repeated measures), with n ϭ 10 replicate observations per combination of factors for pitfall traps and n ϭ 2 observations for sweep nets. Permutational distance-based multivariate analysis of variance (ANOVA), PERMANOVA (Anderson 2001, McArdle and Anderson 2001) was used to analyze the full design (1,207 taxa ϫ 96 samples), using 4,999 random permutations under a reduced model. All analyses were based on BrayÐCurtis dissimilarities on square root transformed data. When there were too few possible permutations to obtain a reasonable test, a P value was calculated using 4,999 Monte Carlo draws from the appropriated asymptotic permutation distribution (Anderson and Robinson 2003) . If, after PERMANOVA analysis, a termÕs component of variation was negative, the analyses was rerun pooling that termÕs contribution with other term(s) in the model that have equivalent expected mean squares. If more than one term had a negative error mean square, then one term was removed at a time from the model starting with the term having the smallest mean square (Anderson et al. 2008) . To visualize relationships among samples, distances among centroids were calculated and ordinated using nonmetric multidimensional scaling (MDS) and clusters derived from agglomerative hierarchical clustering (group average linkage) were superimposed on the ordination to assist with showing relationships between samples.
Groups of taxa that had similar monthly distribution patterns were identiÞed using agglomerative hierarchical clustering (WardÕs linkage) in Minitab statistical software. The square of Euclidean distance/variance (ϭ squared Pearson in Minitab) was used to standardize variances and to accentuate differences. Only taxa with a sample size Ն30 at a location were included in the cluster analysis. To characterize the monthly occurrence of each group of species, the mean frequency distribution for each month (ϭ monthly total/annual total ϫ 100 averaged over all taxa in each group) was calculated. Seasonal lengths for each taxa also were calculated (Wolda 1979, Novotny and Basset 1998) . The seasonal length is 12 mo minus the longest number of monthly sampling periods in which the taxon was not observed.
ANOVA was used to compare temporal and spatial patterns of occurrence for taxa common to both locations. The model of analysis was the same as that described for the multivariate analysis above. The analysis was performed on log(x ϩ 1) transformed data in Minitab. Only taxa with a sample size Ն30 at each location were analyzed. Taxa that could not be identiÞed below family level and likely to comprise several species were not analyzed; Hemiptera nymphs, Sterrnorrhyncha indet., Dicyrtomidae indet., Katiannidae indet. imm., Neanuridae indet. imm., and Odontellidae indet. imm.
Results
In total, 58,056 invertebrates were collected in pitfall traps and sweep nets during the 12 mo of sampling representing 28 orders, 245 families, and 1,207 taxa (lowest recognizable taxonomic unit). Of the 1,207 taxa, 96% were recognized as species or morphospecies. Nearly half were identiÞed to the level of either species (13%, 152 species) or genus (36%, 435 genera). Many taxa were collected only once (pitfall: 40%, n ϭ 627; sweep: 42%, n ϭ 826) and most were collected 10 times or less (pitfall: 78%, sweep: 79%). Only 246 (20%) of the 1,207 taxa were recorded in both sweep and pitfall samples, with 580 (48%) recorded only in sweep samples and 381 (32%) recorded only in pitfall samples. The most diverse invertebrate groups, in terms of number of species and morphospecies, were Diptera (300), Hymenoptera (262), Araneae (214), Coleoptera (105), Hemiptera (68), Acarina (66), Lepidoptera (61) Collembola (48), and Thysanoptera (20). The most abundant taxa were Collembola (28,167), Diptera (9,788), Araneae (4,147), Acarina (4,101), Hymenoptera (3,781), Hemiptera (2,900), and Orthoptera (2,241).
General Trends. There was considerable variation between months and locations in the number of invertebrates and taxon richness for each of the dominant groups and for all invertebrates combined (total) (Figs. 1Ð2). For both pitfall and sweep samples, PER-MANOVA conÞrmed signiÞcant differences in invertebrate assemblages between locations and among months, with the differences among months varying with location (Table 1 ). The invertebrate assemblages did not differ signiÞcantly between old and young regrowth moorland (Table 1) . For pitfall samples the component of variation attributable to location was greater than the components of variation attributable to month and the month by location interaction. In contrast, for sweep samples the component of variation attributable to location was less than the components of variation attributable to month and the month by location interaction (Table 1 ). An MDS plot of the monthly centroids shows the nature of this interaction (Fig. 3) . The lowland invertebrate assemblage was clearly distinguished from the montane invertebrate assemblage and at both locations there was a shift in composition between the winter months and summer months. However, the shift in composition differed between locations. The lowland December sweep as-semblage is an outlier with very low captures of invertebrates probably caused by cool and moist conditions during sampling.
There were Þve clusters that broadly grouped taxa that were most commonly caught in summer, autumn, winter, early spring, and late spring (Fig. 4) . Group A had the largest number of taxa (59, Appendix 1) comprising 74 frequency distributions (i.e., 15 taxa occurred at both locations). Most Group A taxa (37 out of 59, 63%) had seasonal lengths Ն8 mo and they were most abundant in collections during the warmer months, particularly JanuaryÐMarch. Group A included a small number of taxa (10) that had seasonal lengths Յ4 mo peaking in January or February. Group A was dominated (in terms of number of taxa) by Diptera (12), Araneae (10), Collembola (10), Acarina (8), and Hemiptera (7). Group B comprised 12 taxa with narrow abundance peaks centered on April and included taxa belonging to Diptera (4) and Araneae (3) (Appendix 1). Only four Group B taxa had seasonal lengths Ն8 mo. Group C had the second largest number of taxa (35) comprising 39 frequency distributions and they were most abundant in collections during the winter months. Most Group C taxa (24 out of 35, 69%) had seasonal lengths Ն8 mo and the group was dominated by Collembola (18 taxa), Diptera (seven taxa) and Araneae (six taxa) (Appendix 1). Group D comprised 12 taxa (14 frequency distributions) that were most commonly recorded in early spring and most were Diptera (seven taxa) (Appendix 1). Seven Group D taxa (58%) had seasonal lengths Ն8 mo. Group E had 25 taxa that were most commonly recorded in late spring and tended to have narrow abundance peaks, with only seven taxa (28%) having seasonal lengths Ն8 mo. Group E taxa also were dominated by Diptera (nine taxa) (Appendix 1).
There were 29 taxa identiÞed to genus, species or morphospecies that were common to both locations (Appendix 1). For most of these taxa (19) the monthly frequency distributions for each location were placed in the same cluster group. The frequency distributions of eight taxa were placed in chronologically adjacent groups. For two taxa, Eriophora pustulosa (Walckenaer) (Araneidae) and Polykatianna cf. aurea (Womersley) (Katiannidae), the monthly frequency distributions for each location were clustered into opposite groups; A (summer) and E (winter).
Differences Between Locations. The invertebrate assemblages differed markedly between the two locations with only 29% of the taxa in common. The number of taxa was 1.4 times greater in montane moorlands than in lowland moorlands, with the Acarina, Coleoptera, Diptera, Hymenoptera, and Hemiptera more taxon rich at the montane location. These taxa were also more abundant in the montane moorlands, except for Acarina in sweep samples (Figs. 1Ð2) . Formicidae and Collembola were more abundant in pitfalls and sweeps, respectively, in lowland moorlands than in montane moorlands (Figs. 1Ð2) .
Variability Among Months. At both locations and for both survey methods the winter invertebrate as- semblages were most dissimilar from the summer invertebrate assemblages (Fig. 3) . The winter invertebrate assemblages had lower taxon richness and lower invertebrate abundance, except in lowland moorlands in sweep samples where total invertebrate abundance was greatest in winterÑprimarily because of the great abundance of Collembola. The spring and autumn invertebrate assemblages were intermediate between summer and winter but also had their own characteristic taxa (Appendix 1).
Overall, there was generally low similarity between monthly invertebrate assemblages with many taxa oc- curring for a limited number of months or, where present all year round, they peaked in abundance at certain times, often in summer (Fig. 4, Appendix 1) . The similarity between monthly invertebrate assemblages varied for most months between locations. There was less similarity between monthly assemblages for sweeps samples than for pitfall samples in part because sweeps were taken on one day each month and not taken from precisely the same spot within a plot. In comparison, pitfall samples were set for a week and were reset on precisely the same spot each time.
In pitfall samples, the summer (DecemberÐMarch) invertebrate assemblage was more dissimilar from the autumnÐspring assemblage at the lowland location than at the montane location (Fig. 3) . This separation of summer lowland invertebrates was largely a result of a decline in the abundance and diversity of Collembola [particularly Paronellides sp. 1 (Paronellidae), Polykatianna cf. aurea, Parakatianna sp. 1 (Katiannidae), Acanthomurus spp. (Isotomidae), and Lasofinius spp. (Tomoceridae)], and an increase in abundance of Formicidae (particularly Anonychomyrma sp. 1, Iridomyrmex sp. 1) (Fig. 1) . In contrast, at the mon- tane location, there was no overall decline in the abundance or diversity of Collembola or an increase in the abundance of Formicidae (Fig. 1) .
In sweep samples, the midautumnÐ early-spring invertebrate assemblages were more dissimilar from the remaining monthly assemblages at the montane location than at the lowland location (Fig. 3 ). This appears to be associated with a general low taxon richness and low invertebrate abundance at this time of year at the montane location compared with the lowland location (Figs. 1Ð2) . The greater dissimilarity between AprilÐ May and JanuaryÐFebruary invertebrate assemblages at the montane location is also associated with a general decline in invertebrate richness and abundance (Fig. 2) .
Monthly Variability in Taxa Common to Both Locations. There were no signiÞcant interactions between location and month for 11 (38%) of the 29 taxa common to both locations (Table 2 ). For the other 18 taxa, several showed a broad consistency between locations with peaks in abundance occurring within the same 2Ð3 mo of each other (e.g., Araneus sp. 2 (Araneidae), Pardosa sp. 1 (Lycosidae), Lasofinius spp); however, for the remaining taxa there were large differences in monthly abundances between locations (Fig. 5) .
There did not appear to be any consistent pattern of taxa peaking in abundance early or later at either location. Eleven taxa had their abundance peak in the same month at both locations, four peaked slightly earlier at the montane location, six peaked slightly earlier at the lowland location, and 10 were too difÞcult to determine.
For three taxa there were signiÞcant interaction effects between location, month, and age of regrowth on abundance. Both Wartookia rebeccae Southcott (Erythraeidae) and Lasofinius spp. (Tomoceridae) were more abundant in old regrowth than young regrowth moorland at the lowland location, but not at the montane location. In contrast, Bobilla poene Otte and Alexander (Gryllidae) was more abundant in young regrowth than old regrowth at the montane location and not at the lowland location.
Discussion
Monthly Variation in Invertebrate Community Assemblages. Monthly invertebrate assemblages in cool temperate buttongrass moorlands varied considerably throughout the year with groups of taxa occurring, or peaking in abundance, at different times of the year. However, at both locations and for each sampling technique, there was a general pattern of summer Taxa are grouped by taxonomic order. Error term for L ϫ M test is M ϫ site (location). Maximum degrees of freedom are 10 and 20 for L ϫ M and error, respectively.
Fig. 5.
Comparison of total monthly counts of taxa common to lowland (squares) and montane (circles) locations. * equals taxa with signiÞcant difference in monthly abundance patterns between locations by using ANOVA.
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ENVIRONMENTAL ENTOMOLOGY Vol. 42, no. 1 invertebrate assemblages being most dissimilar from the winter assemblages, and the spring and autumn assemblages being intermediate between the two. Taxon richness and abundance generally were higher during the warmer months than during the winter months, which is consistent with previous studies investigating invertebrate seasonality in temperate ecosystems (Nelson 1965 , Nielsen 1974 , New 1979 , Lowman 1982 , Abraham 1983 , Baribeau and Maire 1983 , Ohmart et al. 1983 , Recher et al. 1983 , Woinarski and Cullen 1984 , Bell 1985 , Masteller 1993 , Recher et al. 1996 , Gutié rrez and Mené nendez 1998, Southwood et al. 2004 , Cardoso et al. 2007 , Chatzaki et al. 2009 ).
However, large numbers of Collembola were found in lowland moorlands during winter, which caused the total count of invertebrates in pitfall samples to be higher in winter than during summer. The montane moorlands also included Collembola taxa that only were recorded during the cooler months and some, such as species of the family Paronellidae, were only found at this location. Collembola can be extraordinarily cold-hardy and are very common in many arctic and antarctic habitats (Danks 1978) . In a study of Collembola in riparian habitats in France, some species were active during winter but overall abundance peaked in summer (Lek-Ang and Deharveng 2002). In eucalypt forest canopies, Collembola were most abundant in winter in western Australian forests and autumn in eastern Australian forests (Recher et al. 1996) . The increase in Collembola in forest canopies during these wetter seasons was suggested to be associated with maximum microbial and fungal growth. In addition to Collembola, several species of, Araneae, Diptera, and Lepidoptera larvae were only recorded during winter in our study. Other studies also have recorded Araneae, Diptera, and Lepidoptera larvae during winter in temperate ecosystems (Nielsen 1974 , New 1979 , Recher et al. 1996 . Although the overall separation between the winter and summer invertebrate assemblages was similar between locations, the shift in invertebrate assemblages between these seasons differed between locations. Compared with the lowland location, the montane invertebrate assemblages in the cooler months were more dissimilar from warmer months, and were characterized by low invertebrate abundance and richness. These differences between locations are probably largely driven by differences in temperature, which is a key driver for insect growth, development and reproduction (Masaki and Wipking 1994, Gullan and Cranston 2005) . This separation between cool and warm month assemblages at the montane location is accentuated for invertebrate fauna sampled by sweep nets. This is consistent with temperature being an important driver for insect activity because invertebrates that are active among the tops of foliage are more exposed to adverse climatic conditions than the more sheltered ground-active fauna.
The lowland summer pitfall assemblages were more dissimilar from the remaining months compared with the montane moorland pitfall assemblages. This difference primarily was associated with a decline in the richness and abundance of Collembola, and an increase in the abundance of Formicidae in the lowland moorlands. The reason for this difference between locations is not clear but may also be driven by differences in temperature between the two locations. Availability of moist habitats and refuges are strong inßuences on Collembola assemblages (Hopkin 1997, Lek-Ang and Deharveng 2002) and Collembola have been recorded moving deeper into soil during summer to avoid adverse dry conditions (Hale 1966) . The moorlands at the lowland location are probably more susceptible to drying out in summer than at the montane location because of higher ambient temperatures, more bare ground, and less litter and dead vegetation. The peats in lowland moorland often become dry, cracked, and hard during summer (M.M.D., personal observations). Such conditions may also restrict the microbial and fungal growth on which many Collembola feed. Another possible reason for the decline in Collembola during summer in lowland moorlands may be predation by Formicidae (Hopkin 1997 , Ferguson 2004 . During summer there was a signiÞcant increase in numbers of Formicidae at the lowland location that was not recorded at the montane location. Both these hypotheses require further investigation.
Although monthly invertebrate assemblages varied considerably, with groups of taxa peaking in abundance at different times of the year, further sampling over more years is required to determine if the patterns observed are consistent from year to year. Previous studies in temperate ecosystems have found that seasonal patterns can vary between years or remain largely the same. In a steppe ecosystem, spider assemblages showed consistent seasonal patterns during a 2-yr study (Weeks and Holtzer 2000) . No signiÞcant changes in the seasonal pattern of occurrence of canopy invertebrates were found in oak trees over 5-yr of monitoring, although there were changes in the magnitude of abundance (Southwood et al. 2004) . Similarly, in a 3-yr study in eucalypt forests, a regular pattern of summer peaks and winter troughs of invertebrate biomass was found, but the ratio between the summer peak and winter trough declined during drought (Bell 1985) . However, in the Mediterranean climate of western Australia, the variability in canopy arthropod numbers between years could be as great as that between seasons (Recher et al. 1996) . The general patterns of insect occurrence reported here are not expected to vary considerably between years because western Tasmania has a distinct seasonal cycle and climate conditions during our survey were consistent with this seasonal cycle. However, annual rainfall during the year of survey at Lake St Clair, Tasmania was 15% less (277 mm) less than the long-term average (1,868 mm).
Monthly Variation in Taxa Common to Both Locations. For most taxa common to both locations, the monthly pattern of abundance was the same or, if they differed signiÞcantly, had the same general pattern displaced by a month or two. Several previous studies comparing seasonality in species occurring at different altitudes have found that at higher altitudes species There was no consistent pattern of species activity occurring earlier or later at our two study locations with many taxa having similar activity patterns at both locations. This suggests that the temperature difference between the two locations was not having a signiÞcant inßuence on the timing of activity at the montane location compared with the lowland location for many of the taxa that were common to both locations. However, it may also be possible that the frequency of sampling used in the study (once a month) may have missed more subtle differences in the timing of activity of these taxa. There were also many taxa with monthly activity patterns that differed markedly between locations with no consistent pattern to this variation. These differences in monthly activity patterns between locations may be driven by localized factors. The speciÞc timing of abundance and activity of invertebrate life stages during the warmer months can be inßuenced by local factors such as timing of new leaf growth, ßowering, fruiting, rainfall events and microenvironment variation in moisture availability and solar radiation (Denlinger 1980 , Lowman 1982 , Badejo 1990 , Danks 2006 . Further research is required to determine the local inßuences on invertebrate activity in buttongrass moorlands.
Variation in Invertebrate Community Composition Between Old and Young Regrowth Moorland.
The lack of evidence that the invertebrate assemblages differed between old (25Ð29 yr) and young (4 Ð11 yr) regrowth sites at our two locations is consistent with the minimal variation in invertebrate species richness and abundance found in buttongrass moorlands ranging in postÞre age from 5 to 64 yr (Greenslade and Driessen 1999) . In a study of soil mites using soil cores, Acarina density and richness also did not differ signiÞcantly in moorland regrowth aged between Ͻ5 and 30 yr (Green 2009 ). However, Acarina density and richness was signiÞcantly higher 30ϩ years postÞre compared with younger age classes, suggesting that Acarina populations may take a long time to reestablish after Þre in buttongrass moorland (Green 2009 ). Although no differences in invertebrate assemblages were found between old and young regrowth, a small number of taxa appeared to be inßuenced by differences in age of regrowth. An earlier study on Collembola also found Þre-age effects for individual taxa (Driessen and Greenslade 2004) . Further research, using well designed studies, is needed to investigate invertebrate succession after Þre in buttongrass moorland.
Implications for Invertebrate Surveys. The optimum time to conduct invertebrate surveys in buttongrass moorland, in terms of taxon richness and abundance, is mid-to late summer (JanuaryÐFebruary)Ñat least for the sampling methods used. For pitfall samples, invertebrate taxon richness and abundance was also high during late spring. Using the results of this 12-mo survey, an invertebrate survey conducted in either January or February will account for around a third of the total number of taxa. Collembola were more abundant and diverse during the cooler months, particularly in lowland moorlands. Management-focused researchÑsuch as effects of Þre on invertebratesÑis frequently conducted during 1 or 2 mo of the year (e.g., Greenslade and Driessen 1999 , York 2000 , Parr et al. 2004 , Brennan et al. 2006 , thus limiting the scope of conclusions, and this limitation is not always acknowledged.
Conclusions. Seasonal variation in diverse, multispecies, invertebrate assemblages proved diverse in its patterning at both the assemblage and individual taxon levels. There was less asynchrony in abundance of taxa between locations than might have been expected from their environmental differences and the effects of the age of regrowth were not evident at the assemblage level and were rare among taxa. 
